The rumen bypass protein has extensively been used in ruminant's diets to enhance their productivity. The objective of this study was to determine the effect of varying levels of dietary rumen undegraded protein (RUP) on nutrient intake and digestibility, milk yield and composition in early lactating crossbred cows. Twenty four early lactating crossbred cows of same parity and similar milk production were divided into 4 groups (6 cows per group). Four iso-caloric and iso-nitrogenous diets were formulated using NRC standards for energy and protein. The rations were formulated to contain 30, 40, 50 and 60% RUP levels. Data regarding nutrient intake, nutrient digestibility, N balance, blood chemistry, milk yield and its composition were collected. The dry matter (DM), neutral detergent fiber (NDF) and acid detergent fiber (ADF) intakes increased (p<0.05) at higher dietary RUP; however, crude protein (CP) intake remained similar. The DM, CP, NDF and ADF digestibility did not alter at lower RUP level (30 and 40%) but at higher dietary RUP level (50 and 60%) digestibility numerically decreased (p>0.05). The nitrogen balance was negative in cows fed RUP30 and RUP40 diets but it was positive in cows fed RUP50 and RUP60 diets. The blood pH and blood glucose and differential leukocyte count resulted in similar (p>0.05) values across all dietary treatments. The blood urea nitrogen, milk urea nitrogen and blood creatinine decreased (p<0.05) at higher dietary RUP level. The milk yield increased (p<0.05) as the level of dietary RUP increased. Milk composition (milk protein, milk lactose, solid not fat and totals solids) remained similar across all dietary treatments. However, milk fat content increased (p>0.05) with increasing level of dietary RUP. In conclusion, the nutrient intake, milk production and milk fat increased by increasing the dietary RUP level. But nutrient digestibility decreased at higher rumen un-degradability of protein.
INTRODUCTION
The animal productivity in Pakistan is very low and can hardly be enhanced unless its nutrient requirements are met. There are many factors responsible for this reduced productivity but one of them is inappropriate provision of dietary nutrients which hardly couple at ruminal and cellular levels. This nutrient uncoupling is responsible for the reduced animal productivity and excessive nutrients losses. The protein is included in limiting nutrients in ruminants (Nisa et al., 2008) . More than 50% of consumed protein in ruminants is degraded to peptides, AA and ammonia by ruminal microbial action. The ruminal microbes convert this ammonia into MP. When ammonia is in excess, it outstrips microbes' ability to make their cells and builds up in the rumen which consequently gets absorbed into the blood stream and is carried to the liver. The liver detoxifies NH3 by converting it into urea through urea cycle which is an energy draining process. The dietary protein, being an important nutrient and essential for vital body functions, in ruminants is mainly divided into two categories; the RDP and RUP. The RDP provides mixture of AA, peptides and ammonia for MP synthesis which generally accounts 70 to 80% AA required by ruminants (Chumpawadee et al., 2006) . This suggests that ruminal ammonia is converted into microbial biomass, an effective source of true protein for ruminants. For proliferation and growth, rumen microorganisms use the ammonia that is liberated from RDP and NPN compound degradation to manufacture MP. The ruminal protozoa and bacteria pass down the digestive tract and are digested, making proteins from their cells available to the host animal. Though there is significant contribution of ruminal microbes in AA supply to the host animal but during early lactation, they cannot meet AA needs of high producing dairy animals. Thus, the RUP, after ruminal microbial AA, is the most important source of absorbable AA in dairy diets. During early lactation, animals need maximum dietary protein to meet the nutrient demand of lactogenesis. Low DMI at this stage not only reduces protein intake but also adversely affects the body condition due to mobilization of body reserves. Dairy rations containing improper proportions of RDP and RUP, not only impede the animal's productivity but also aggravate some metabolic changes which ultimately result in decreased DMI, reduced digestibility and poor energy utilization (NRC, 2001) . Moreover, reduced reproductive performance has also been reported in dairy animals fed high RDP (Butler et al., 1998) . Whenever the ruminal ammonia is overflowing and bacteria already have adequate NH3 for metabolism, then dietary RDP in excess is of no worth in meeting the ruminants' protein needs. Thus, this extensive ruminal protein degradation not only leads to less conversion of dietary protein into milk and tissue protein but MP's biological value for its conversion into milk protein is also low (Sarwar et al., 2005) . This necessitates the inclusion of dietary bypass protein for enhanced animal productivity. There are many bypass protein sources available in the market and one of them is AmiPro® which is produced from high protein soybean meal, which can be used as a feed supplement for ruminants. This bypass protein not only provides 76% RUP but it is also 93% digestible, making it a suitable nutrient to support high milk yield and growth performance of growing ruminants. Increasing dietary RUP to balance lactating cow's protein requirement instead of increasing dietary protein concentration has been documented (Eastridge, 2006) . During early lactation, MP fails to provide sufficient metabolizable protein and this deficiency could be met through dietary RUP supplementation (Kalscheur et al., 2006) . Titgemeyer et al. (1989) reported increased N utilization, N flow and AA to intestine with increasing RUP supplementation. The precision or accuracy of RUP prediction in ruminant's diet may depend upon its varying levels and basic knowledge about the ruminal protein degradation (Pacheco et al., 2012) . Though sufficient information regarding its influence on milk production of exotic lactating dairy cows is available but information generated for pure-bred exotic cows can hardly produce desired results when applies to indigenous crossbred cows. Because crossbred cows in different environmental conditions, physiological responses and feeding strategies may not perform similar to pure-bred exotic cows. Thus, the present project was planned to investigate the effect of varying levels of rumen bypass protein on feed consumption, nutrient digestibility, N metabolism, milk yield and its composition in early lactating crossbred dairy cows.
MATERIALS AND METHODS
Twenty four crossbred (Sahiwal × Holstein Frisian) cows (15±5 day's post calving, live weight 500±25 kg) in early lactation phase, of almost same production and parity were selected in this experiment. Cows (calved in 15±5 days) were The nutrient digestibility was determined by total collection method. The feces and urine were collected by adapting the protocol described by Nisa et al. (2006) . The weight of feces and urine from each individual animal was recorded daily and mixed thoroughly. The 20% of these thoroughly mixed fecal samples were taken and dried at 55°C. After collection period, each animal's dried fecal samples were composited and 10% of composited samples were used for analysis. The urine was collected in buckets attached with plastic pipe made to cover/surround the vulva. This urine was collected in a container (30 liters). The urine was acidified using 50% H2SO4 and 20% of acidified urine preserved at -20°C awaiting analysis. After collection period, the preserved urine samples were composited after thawing and 10% of composited samples were taken for analysis (Nisa et al., 2004) . Blood samples were collected from jugular vein in heparinized syringes at 6 h post feeding to determine pH (AOAC, 2001 ). Blood samples were also collected from each cow without anticoagulant to harvest serum and stored at -20°C awaiting analysis for BUN and blood biochemical parameters. The feed offered, orts and fecal samples were analyzed for DM, OM, CP, ash (AOAC, 2001), NDF and ADF (Van Soest et al., 1991) . Milk samples were analyzed for CP, fat, total solids and solid not fat using AOAC (2001) methods. The MUN was determined by following the methods used by Dhali et al. (2005) . The BUN was determined using analytical kit (Cat # CS 612, Crescent Diagnostics, Saudi Arabia). Milk lactose contents were determined with a Lacto scope TM Compact. Data collected regarding nutrient intake, digestibility, milk yield, milk composition, MUN and BUN were analyzed using PROC GLM procedure of SAS 9.2 (SAS, 2009). In case of significance differences, means were compared by Tukey's test.
RESULTS
The linear increase (p<0.05) in DM, CP, NDF and ADF intakes were noticed in cows fed RUP30, RUP40, RUP50 and RUP60 diets ( Table 2 ). The highest (p<0.05) DM, CP, NDF and ADF intakes were recorded in cows fed RUP60 diet and the lowest were observed in those fed RUP30 diet. However, DM, CP, NDF and ADF digestibility remained unaltered across all diets. The cows fed RUP50 and RUP60 diets were in positive N balance; however, cows fed RUP30 and RUP40 diets had negative N balance ( (Table 4) . However, the varying dietary rumen un-degradable protein did not affect blood pH and blood glucose. Data on blood chemistry of lactating cows fed different levels of dietary RUP are presented in Table 5 . The results shows that blood chemistry remained unchanged across all treatments. Table 6 shows the effect of different levels of RUP on milk yield and (Scott and Hibberd, 1990; Westwood et al., 2000) . This increased DMI by cows fed diets containing high RUP might be attributed to low BUN because of decreased ruminal protein degradation. Increased DMI in lactating goats was also noticed when dietary RUP increased from 32 to 38% (Lee et al., 2001) . However, many studies showed negative correlation between RUP contents and DMI. The DMI decreased from 22.9 to 21.2 Kg/day when dietary RUP was increased from 33.7 to 45.4% (Faverdin et al., 1999) . This negative relationship between the RUP level and DMI might be due to low ruminal protein degradation that resulted in reduced ruminal ammonia N leading to reduced proliferation of ruminal microbes and digestibility which ultimately results in decreased feed intake. Orskov (1992) reported decreased ruminal fermentation with low dietary RDP concentration. Kalscheur et al. (2006) also reported decreased DMI by dairy cows fed diets containing increased dietary RDP. The dietary protein degraded in the rumen had significance in ruminal microbial proliferation which ultimately affects DMI and nutrient digestibility. The dietary RDP supply in sufficient amount is necessary for microbial proliferation, resulting into enhanced digestibility and nutrient intake (Westwood et al., 2000) . Similar DMI with increased or decreased ratios of RDP and RUP has also been documented by some workers (Bach et al., 2000; Reynal and Broderick, 2005) . However, lack of difference in feed consumption in the present study might be attributed to its plant origin bypass protein source which did not exhibit any palatability issues as Henson et al. (1997) reported decreased DMI by animals fed diets containing unpalatable animal protein sources used to enhance dietary protein undegradability. Another plausible explanation of lack of difference in feed consumption in the current study may be sufficient RDP availability in RUP40, RUP50 and RUP60 diets. The non-significant differences (p>0.05) between experimental groups for DM, CP, NDF and ADF digestibility in the current study supported the findings of other workers (Mishra and Rai, 1996; Castillo et al., 2001; Paengkoum et al.. 2004) . However, Griswold et al. (2001) reported decreased DM digestibility in cows fed ration containing increased RUP level. By decreasing dietary RUP concentration, DM and CP digestibility increased in crossbred steers (Fu et al., 2001) . The possible reason of such decreased digestibility with increased dietary RUP might be the decreased ruminal ammonia concentration with reduced rumen protein degradation which ultimately leads to decreased microbial activity. The reduced microbial activity is associated with lesser nutrient digestibility in ruminants (Perdock et al., 1988) . However, DM and NDF digestibility enhanced in dairy cows fed diets containing 10% more dietary RUP than NRC requirements (Flis and Wattiaux, 2005) . Increase rate of fiber digestion by dairy cows fed diets containing increased RUP was also noticed (Lallo, 1996) . In another study (Kumar et al., 2005) CP, DM and NDF digestibility increased with increasing dietary RUP of CP from 41 to 48%. Similar findings were also reported by Pattanaik et al. (2003) in calves where NDF digestibility enhanced by increasing RUP level from 45 to 51% of dietary CP. This increased CP and NDF digestibility might be attributed to decreased dietary RDP which ultimately leads to increased ruminal pH (Bodine et al., 2000) . The nutrient digestibility is influenced by many factors including proper dietary RDP concentration; nutrient degradability and ruminal microbial activity. When dietary RDP supply is insufficient to meet microbial needs, it affects the fermentation process. Because of reduction in the microbial population due to insufficient RDP, the nutrient digestibility can be reduced. However, in the present study, the bypass protein used did not limit microbial fermentation which resulted into unaltered DM, CP, NDF and ADF digestibility among all experimental groups. Results of this study supported the findings of Paengkoum et al. (2004) who reported that N intake increased with increasing dietary RUP from 0 to 6% of CP. It was also reported that increased dietary RUP not only increased N retention but also decreased urinary N excretion. In the present study, the excretion of dietary urinary N reduced with the increase in RUP level (30, 40, 50 and 60%) . These results are supported by Davidson et al. (2003) who reported that excretion of urinary N decreased linearly with increasing dietary RUP concentration. However, the fecal N remained unaltered by varying dietary RDP and RUP levels. In Holstein Friesian cows, different dietary RDP levels based on soybean meal resulted in same excretion of N in milk and feces but increased urinary N in early to mid-lactation period (Castillo et al., 2001) . Similarly, increased N retention was also observed in calves when dietary RUP level increased from 45 to 51% of CP (Pattanaik et al., 2003) . The reduced urinary N excretion by animals fed diets containing higher level of RUP might reduce ruminal ammonia. This reduced ruminal ammonia was efficiently captured by ruminal microbes, making it less available for absorption in the blood. Because of this phenomenon, better N retention was noticed in cows fed RUP50 and RUP60 diets compared to those fed RUP40 and RUP30 diets. Therefore, a linear reduction in N balance was observed when RDP: RUP was increased. The reason of more urinary N excretion with increasing protein degradation in rumen might be mismatching ruminal microbial ability to capture ammonia N and excessive ruminal ammonia production because of rapid degradation. The blood pH remained unaltered because of blood's very strong buffering system. The decreasing blood pH tendency with increasing dietary RUP level supported findings of Elrod et al. (1993) . The blood pH raised as dietary RDP enhanced from 66 to 75% of dietary CP (Elrod et al., 1993) . The increased blood pH in animals fed reduced dietary RUP level might be because of greater serum ammonia concentration that escaped through rumen (Emerick, 1988) . The amount of N circulating in animal's blood stream is measured either as plasma or serum urea N and commonly referred as BUN. The dietary RUP continuously influences BUN throughout the day whereas dietary RDP usually influences it from 4 to 6 h post feeding (Elrod et al., 1993) . In dairy cows, increasing dietary RDP levels resulted in a linear increased in MUN, BUN and urinary N excretion (Kalscheur et al., 2006) . Jonker et al. (1998) reported positive correlation between MUN and urinary N excretion. The BUN and MUN were lower in buffaloes fed 50% RUP compared to those fed 34 and 18% RUP (Nisa et al., 2008) . The high correlation existed between BUN and MUN concentrations (Broderick and Clayton, 1997) The degree of correlation between BUN and MUN was 0.84 (Roseler et al., 1993) , 0.88 (Oltner and Wiktorsson, 1983) and 0.98 (Olmer et al., 1985) . The BUN increased (p<0.05) at higher dietary RDP level (Roseler et al., 1993) and might be due to more ruminal ammonia absorption. Similar trend of BUN was also reported by Chumpawadee et al. (2006) . The MUN is correlated with BUN and could be used to indicate protein utilization in animal's body (Peterson et al., 2004) . Many dietary factors influence BUN and MUN including energy (Broderick and Clayton, 1997; RajalaSchultz and Saville, 2003) , CP intake (Jonker et al., 1998; Nousiainen et al., 2004) , RDP to RUP ratio (Roseler et al., 1993) and RDP to non-structural carbohydrates ratio (Hoover and Miller, 1990) . In cows, normal BUN value is 15 mg/dL (Roseler et al., 1993) and MUN value ranges from 12 to 17 mg/dL (Roseler et al., 1993; Baker et al., 1995; Hwang et al., 2000) . These values increase when animal is in negative energy balance (Schepers and Mcijcr, 1998) . The values of BUN and MUN below the normal concentration require additional dietary RDP to provide more microbial N for protein synthesis.
The results of the present study supported the findings of Kumar et al. (2005) who reported 13.7% increase in milk production in crossbred cattle when dietary RUP increased from 41 to 48 of dietary CP. Chaturvedi and Walli, (2001) also reported increased (8.2%) milk yield with increasing dietary RUP from 29 to 56%. In goats, milk production increased linearly by increasing dietary RUP level from 32 to 38% (Lee et al., 2001) . Milk production increases with increase in RUP level because of more AA supply to the duodenum. Not only the supply but also the absorption of AA is increased with increase in dietary RUP level. The lysine and methionine are the most limiting AA for high producing dairy cows and milk yield increased when they were fed diets containing ruminally protected lysine and methionine (Younge et al., 2001) . This increased milk production might be because of enhanced DMI by animals fed diets containing high RUP levels (Westwood et al., 2000) . This increased DMI might have improved the supply of limiting AA for milk protein synthesis, increased lactose synthesis by increased supply of glucose to mammary glands because of enhanced gluconeogenesis process (Clark, 1975) and metabolizable protein (Gulati et al., 2005) . However, Kalscheur et al. (2006) reported reduced milk production with increasing dietary RUP which might have limited ruminal ammonia production. This reduced ruminal ammonia might have slowed down ruminal fermentation, lessening microbes' ability of synthesizing their own cells. In the present study, increasing dietary RUP increased milk yield (19.8 to 23.7 liters) simply because experimental diets did not limit ruminal fermentation and increased feed consumption which resulted into increased milk yield. However, some authors reported no change in milk yield by cows (Kung et al., 1983; Reynal and Broderick, 2005) and goats (Mishra and Rai, 1996) fed diets containing increasing RDP. This lack of change in milk production might be because of the dietary RDP narrow range or animals already had the sufficient supply of N to make proper MP. This additional N did not influence the milk production. In the present study, the milk composition remained unchanged, however, milk fat and protein were found higher in cows fed diets containing 50 and 60% bypass protein compared to those fed diets containing 30 and 40% bypass protein. This increased milk fat (p<0.05) content with increasing RUP were concordant with results of other workers (Kalscheur et al., 1999) . The milk composition remained unaltered by changing the proportion of dietary RDP: RUP (Mishra and Rai, 1996) . Some workers (Reynal and Broderick, 2005 ) also reported non-significant (p>0.05) effect on milk composition with varying dietary RDP level in Holstein cows. Similar results about milk composition were reported by Saho and Wali (2008) . Lee et al. (2001) found non-significant change in milk fat and solid not fat but milk protein varied with varying RDP and RUP levels in goat milk. However, the milk protein increased as dietary RUP level increased from 29 to 56 of dietary CP in dairy cattle (Chaturvedi and Walli, 2001 ). Reynal and Broderick (2005) reported positive correlation among milk true protein and dietary RDP level. Kalscheur et al. (2006) reported increased milk fat as well as protein when RDP level increased from 6.8 to 11% of dietary DM. However, Reynal and Broderick (2005) observed that milk fat was not affected with RDP level in Holstein cows. Some workers reported contrasting results (Hartwell et al., 2000) and observed decrease in milk fat and protein content with increased dietary RUP level. However, Mishra and Rai (1996) reported no effect on milk composition with varying either RDP or RUP percentage of diet. The total solids and milk lactose remained same with varying dietary RDP to RUP ratios in this study. The contradictory results were documented by other scientists who found increased milk lactose with higher RUP (Roseler et al., 1993) . The reason of more lactose percentage in milk might be the increased gluconeogenesis that provided more glucose to synthesize lactose. The milk fat and protein contents were high in low degradable protein diet containing corn gluten meal (Laudadio and Tufarelli, 2010) .
Conclusions:
The high dietary RUP shows positive effects on DMI and milk yield of dairy cows. The BUN, MUN and blood creatinine decreased at higher dietary RUP level, indicating improved milk quality in animals fed diets containing increased dietary RUP concentration. In conclusion, the milk production increased by increasing the dietary RUP level.
